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1.0 INTRODUCTION 

Modern high-fpced difiul computer! md approximate numerical techniquei hlOe 
made possible lolutiom to main electromapietk proMenu which traditionally have boon 
solved only In an ompmcal tppKWCh.  An example of a usetul type of problem that can be 
s.-lved numoricalU is radiation and scattering! tr-.m thm-wne structures.   - Ihm-wire model- 
inn" Computer programs, when properly used, can be a hiL-hly accurate engineering tool lor 

antenna anal\ sis 
I Ins report brielU describes the general approach and applicability of thin-wire 

modeling piogranis   Seven! programs m use at Ml (  are discussed and compared.  Then 
specific application m support of the analysis ol several antenna problems is examined and 
evaluated.   I he examples described typilv the problems which can be addressed via numeri- 
cal modeling and demonstrate that numerical modeling is a valuable engineering tool. 

1 his report is a summary ol the work performed m applying these numerical model- 
ing techniques during fiscal \ear l,>74.   Hence, detailed discussion is limited to those aspects 
which show how numerical modeling has contributed to an engineering solution.  Reterences 
are cited throughout the reporl to provide a source for more complete coverage ol a given 
subiect.  The first part ol this report is intended as an introduction for the uninitiated reader 
but ma\ also prove informative to those currently using the same computer codes. The 
second part describes how thm-wire modeling teclniKiues have been applied to several engi- 

neering problems. 

II   IHlN-VMRh MODELING TIC UNIQUES 

111   IIIIN-WIKI APPROXIMATIONS 

I lectromagnetic radiation problems can always be represented by an integral expres- 
sion with an inhomogeneous source term. The general-purpose programs for frequency 
domain analysis under discussion here usually approach the thin-wire antenna problem using 

a I'ocklington integral formulation. 
The formulation for a /-directed dipole may be written as; 

E^U) 
we ■'-in 

'I^+kv.t^ld/ d) 

where 

,.    exp(-jkr) 

and r is the distance between the observation point (x, y. /) and the source point (x', y', /'). 
E' it) is the incident or impressed field on the wire. and. since the wire.is assumed thin, the 
field varies only in the direction of the wire. The limits of integration result because the 
wire dipole extends from /, = -L/2 to L/2 as shown in ligure 1. Note that the dipole antenna 
is not assumed to be infinitely thin. The thin-wire approximations only limit the radius to 
much less than a wavelength.  The approximations also limit the current  K/') to be only m 
the axial direction of each wire.  Then current and charge densities can be approximated by 

filaments of current and charge on the wire axes. 
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1 uuu- I   Wire dipole of length I, radiin i centered tboul /-axis. 

1.1.2 Ml IIIODOI MOMENTS 

I he unifying concept in this numerical treatment of radiation proNems is the 
method of moments. -  BasicalK. the method ot moments is a technique tor reducing the 
integral equation ( 1 » to a system ot" linear algebraic equations where the unknowns are usual- 
ly coetticients in some appropriate expansion of the i ".rent.   I he resulting matrix equation 
can then be solved tor the current by I high-speed digital computer 

Using the concepis of linear vector spaces and linear operations, equation ( 1 ) may be 
expressed as the operator equation; 

E[iz) -L(l(/'»i . (2) 

where I ' (/) is the known lunction or source and !(/.') is the unknown current function to 
be determined. The operator. L. performs a mapping from one subset containing I to one 
containing EL 

Assuming the wires to be perfect conductors, the boundary condition for the tangen- 
tial component of the electric field at the wire surface is satisfied (approximately) by requir- 
ing that the axial component vanish at the surface of each wire.  At points of excitation on 
the wires of a transmit antenna, some ippropriate source model relates an impressed K-tield 
to the excitation voltage. 

 — ------ ^. m --     - -- ^   _„__   —---       -    - 
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In , rnauently l»ed ippfMCh. the wbMCttolUÜ approach, each w.rc .s visualized as 
ik.;   ;,'        1  (N, o. shor, connected segments.  A conven.ent .or.n tor the current 

ed.   I hus. the total current along the w.rdsapprox!- divi 
distribution on each Wgmenl is assum 
mated In an expansion in a series of lunctions in the domain ot 1.. as. 

N 

1/)= J    1,1g,«/''! ■ 
(3) 

i= 1 

v here liCf')« the expansion Umclions and Ij are their coetticients    1 he proble 

solve tor these coetiicients. i;„ .....tv .,1 I 
Substituting equation (^ into equation (2) and using the hmarily ol I.. 

N 

iblem is to 

V    liMliU')) - Ej(l> ■ 
(4) 

1(1U .,,.„, (4) can be rewritten as a matrix ecmat.on by applying a suitably defined inner 
^^t and.^t of weights Wtc.ting function. (^Reference 2). 1 he inner product o. 
^Uh "ch t^mg lunctiom t, .s performed, and. since the inner product .s a linear oper- 

ation. the resul   is; 

N 
\    j^l,. l.(g,(/))>-<tj. bl(/)>- 

i= 1 

where |« 1.2,3,.. .N.  Iquation (5) can now be written in matrix form as; 

I/I III -ivi 

so that 

m -izr1 [VI • 

where 111 - IT 

L'NJ 

[Zl = 

<l1, l.tg,!/')»^]. L(g2(z'))> 

<t:. l.lg,!/')»  

^<tN.L(g ,(/-'))> 

(5) 

(6) 

(7) 

(8) 

(9) 

 ■ ■ ■ ■ '-"-■ ^- 
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ami I V 

l,, 1 /(/)> 

_<tN.l^/)> 

(10) 

I here ut n. nu poniblc choicea lor exiwuion fünctioni and tettini runcttons. 
Some combinationi nuiy produw taster converfencc ol the wlutk» (requi« fewer functiom 
tor a |iven accuracs)   Hence, mulki matricei wre required, resulting in a wvingi ol comput- 
er core. Other combinationi may provide simpler computations ol matrix elements, thus 
reducing computer run time.  1 he most advantageous combination is currently under debate. 
Investigation of this important question Isol paramount interest. 

1.2   II I MIM SOI   W.IM.KM i'l'KI'OSI  PROGRAM 

1 lie advantage of a general-purpose program is thai extensive reprogramming is un- 
necessaiA wlienesei a new problem is addressed    Also, special-purpose input algorithms can 
be used to automate the problem specification, producing a highly user-oriented engineering 
tool.  The user, however, must be cognizant of the program limitations set by the approxi- 
mations inherenl in the method ol solution. Experience gamed from exercising the program 
and sound engineering judgmenl are the keys to specifying the proper input data and inter- 

preting the results 
Ideally, the input algorithms ol a user-oriented general-purpose program will auto- 

matically divide each wire of the antenna structure into equal segments.  (Equal segmenta- 
tion has no special advantage except tor ease m automation.) The user need only supply a 
description of the antenna structure m terms ol the conductor radius, the end points ol each 
wire  and the number of segments on each wire   Other parameters such as source location, 
magnitude, and frequency are also specified by the user,  in each case, the parameters must 
be selected with good engineering ludgment in order to produce worthwhile results. 

A general-purpose program must of course possess the capability to deal with 
structures having multiple wire jinctions.  Some procedure must be implemented to extend 
the matrix solution tor the case of multiple wire junctions.  Although the precise boundary 
conditions applicable near the junctions are subject to debate/ it is generally agreed that 
the currents at junctions in thin-wire structures should obey KirchotTs current law.  Hence, 
it becomes a bookkeeping job. preferably carried on by the computer, to keep track ol 
junction locations and enforce the appropriate conditions on the currents. 

Another important consideration is the selection of an appropriate source model. 
Fortunately, satisfactory results are obtained for a large number of problems by using the 
simplest source model, the delta gap. Occasionally a problem is encountered (foi example, 
sources and junctions occur in close proximity) which may require a more elaborate source 
model such as the bicone source4 or the magnetic frill/  Selection of the source is based on 

the user's experience. 

  _*.._        - «üMMMMilalMaito 
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1.3 COMPUTER a>DES AT NtLC 
.\ numb« ot oomput« pramm Mini UM tppfmcii ouüined ibwe have been 

•cquired and exereiwd by the Radki rechnology Divi«i«i.Code 2100. il NEU    A list ot 
theee programi with their nuijor attributes is ihren in table 1. Each is a general-purpose pro- 
gram    However, some are more user-oriented than others. 

1AB1 I  1    1I1IN WIKI COMPUTER CODES. 

I rec|uencyJ)oniain 

AMI' (MB Associates) 
Sinusoidal interpolation 
Point Matching 
Delta Gap Source Model 

SYRACUSE     (Harrington. Kuo. S.rait. Syracuse llmversity ) 
i'iecewise Linear I \pansion I unction 
(ialerkin Technique 
Delta Gap Source Model 

OSU (J. Kichmoiut. Ohio State l)mversit\ ) 
I'iecewise Sinusoidal 1 \paiision junction 
Galerkin Technique 
Delta Gap Source Model 

WHIP (NILO 
I'iecewise Sinusoidal hxpansion lunclion 
Point Matching 
Delta Cap Source Model 

Time Domain 

XWTD (Lawrence Livermorc Laboratory) 
Quadratic Interpolation 
I'oint Matching 
Delta Gap Source Model 

6.7.8 
1 3.1   AMI' 
The AMI' program was developed under a tri-services contract by MB Associates 

This program uses a three-term current expansion   (which involves a constant, sine, and 
cosine term on each of the structure segments) with point matching and delta gap source 
model   AMI' is a well written, very user-oriented general-purpose program. 1 he input rou- 
tines provide a useful and efficient means of specifying the geometry and electromagnetic 
environment for an antenna problem, which is the chief advantage of AMI'.  In addition to 
the original geometry routines, the capability to generate circular arc and helical wire struc- 
tures has been added.  Also added is the capability to compute the near magnetic tields. 

■ - - _^, im ■nimiiiiiili» ii   i    ii i       --- -■ -   -     -Ut^-i.^*^- ■■ ut 
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alternative to i   i ,,.ii, kMP is the optimi of choosing an altemaiiv« 10 

I J.2 SYRACUSE 10 
fhc SYRACUSI promun is ■ icnertHHirpMe promw. wntt.n by kuc. and Stnut 

input since it streamline« the proWem definition. 

1 J.3 OSU .      ,, 
n, ■ osu Drosram employs the picccw.sc nnusotda] reactton technique developed by 

capabilities. 

1 M ^Mlii, , . 

r^rÄrrcrzr.rc ^ - 
jiap source model. 
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1.3.5  iwil) 

1 IK- I W 11) ( I hin Wir« I Ime Donuin ) pn^nun is ;i produd Of the Lawrence Liver- 
more Laboratory. The program solves in electric field integral equation in time using 
the method ot moments uilh siihseetional collocation (quadratic interpolation with point 
matching).   I he source may be eithei a time-dependent incident tield or a time-dependent 
version ot the delta gap source model, depending on the user's choice.   I he program solves 
tor the time-dependent induced currents which are used to find the time-dependent radiated 
or scattered fields   A discrete Fourier transform is used to determine the input impedance 
characteristics. 

Input routines similar to those used in MBA have been added to TW I 1) to produce a 
highl> flexible, user-oriented package. Also added is ■ plotting capability for easy display of 
tune and frequency response characteristics ot an antenna. 

I'lesentK . I W 11) has the ability to treat resistive-loaded structures only.   It is, ol 
course, highly desirable to extend this capability to include reactive type loads. 

14  mOGRAM LIMII VriOMS 

The solution to an antenna problem generated by any ot the thin-wire programs is at 
best an approximation.'   •' '  Nonetheless, highly accurate answers can be obtained by care- 
ful modeling of the antenna structure     by proper choice ol segmentation and other relevant 
parameters,   i he accuracy of calculated antenna characteristics depends on how well the 
calculated current distribution conforms to the real case and hence on how well the antenna 
is modeled. 

In general, for accurate results, the nearer to the antenna structure that calculated 
antenna characteristics are desired, the more accurately known must be the current.  Lor ex- 
ample, it is well known that the assumption of a sinusoidal current distribution on a simple 
resonant dipole is sufficient to accurately determine the far fields.  However, this approxima- 
tion incorrectly predicts the input impedance.       Hence, higher resolution of the calculated 
currents is required for accurate determination of the impedance and near fields. The higher 
resolution is obtained by finer segmentation within the limits of the thin-wire approximation 
(segment length must be large with respect to wire radius). 

The calculations of impedance and near fields often appear highly sensitive to the 
modeling of regions about feed points, wire junctions, and radius changes along the wires. 
The closer together these critical regions occur, the greater their influence on the results. 
The worst case occurs when junctions and large-radius changes are both in close proximity to 
feed point,  in such cases, fmer segmentation or more eleborate source models may be 
required. 

1.5 CONFIDENCE FACTORS 

Reliable, accurate results are obtained when the engineer has accumulated sufficient 
experience from frequent exercise of the program to recognize these problem areas.  He 
must not only be aware of potential difficulties when initially setting up the program, but 
also when interpreting the results. Consequently, for each general-purpose program, the un- 
initiated user must run through a number of elementary problems, comparing the results to 
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real world meaiureniento, until be lu-* the confklencc to ittempt new proMeau \or which the 
answers are as yet unknown.   I \en then, the yardstick is always empirical data 

Development of this contidence factor entails modeling of a numher ')t simple anten- 
na stnu. lures lound in standard antenna texts |X  Hie approach is to progress trom the 
simple case to the more complex.  A natural tirst choice is dipoles in Iree space or monopoles 
Oil I ground plane, tollowed hy inverted I. antennas and I antennas, etc.   lor each antenna 
type, a number of problems involving different wire radii and lengths are selected, and the 
segmentation is varied until the solution converges.  Comparison with measured data then 
provides the insight required ft»effective application ol the computer program to problems 
tor which empirical data may be sketchy or unavailable. 

An example of the type ot problem used in this initial program validation is the I 

antenna ll> shown ll i [able 2.   Also shown are the "best" resu'ls using the various general- 
purpose programs along with empirical data.        This problem is presented as an example be- 
cause it represents a sigmticanl step m the validation ot the TWTD program.   Figure 2 shows 
the time response of the teed point current to a (iaussian pulse, the 1 ourier transtorm oi 
which is the input impedance given in Figures 3 and 4. 

Another noteworthy problem is the 3S-fool twin whip pictured m Figure 5,   I his 
antenna is similar to the standard 35-foot twin whip m common use throughout the Meet. 
This problem is signiticant since the teed point region is complicated by the proximity ot 
three junctions and two changes in radius.   A comparison of the measured and calculated 
values ol input impedance is given in Table 3,  The measurements were made on the NELC 
ground plane.   No values trom the PSRT program are available, since in its present form it 
lacks the capability to account lor differences ot radii within the same structure. 
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i \m i 2. (OMI'AKISONOI   r-ANTENNA IMPEDANCE COMPUTATIONS WITH 
Uli MEASURED VALUES OF PARSAD, I1) 

iirh o.: 
X 

Moasurcd 1.6 + |9.0 

AMP 1.7+ 110,3 

SYRACUSI 1.7S +j1).!« 

PSRT* 1.7 + J3.S 

TWTI) 

Radius of wire ■ ().Ü04,/X 

^- 0.5 
A 

11 + [36 

11 + j36 

11.1 +(34.3 

ll.4+j31.9 

1 1 + 134 

♦Answer limited by array sizes 
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ligniL' 2. T-antemia lime rcipoiue (0 .i (lanssian pulse. 

2800 0 

0 0 + 
00    I    0.5 10 1.5 20 2.5 30 3.5^ 

300 MH/ FREQUENCY X 1° 

J-'igure 3. T-antcnna frequency response     real componcnl of input impedance. 
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M(h • II ■ ff/2 
,Jh    0 2 

3.5 

/ 109 

-30003 

Figure 4. T-antenna frequency response    reactive compüiient of input impedance. 
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GROUND PLANEv-    T 
ny v v ^ 
I^co, 

•l    \    V   \    V    V    ^   \ 

OAX CONNECTOR 91737UG b8A/U 

COAX 

DIMENSIONS, IN 

LENGTH 

4230 

59 25 

22 5 

r 
DIAMETER 

4.51 

622 

6.32 

Figure 5.  35-fwH twin whip over ground plane, dimensions. 

TABLE 3. COMPARISON OF MEASUREMENTS AND 
COMPUTATIONS OF A SS-FOOT TWIN WHIP. 

4 MHz 

Measurement 9.0 .101.5 

AMP 
l).89 :70.0 

SYRACUSE X.45 ,77.5 

6 Mil/ 

2l).Ü    .9.0 

34.1 + :1K.4 

2l).X +J:.OI 

8 Mil/ 

80.0+ |67.5 

114.0 + «86.56 

101.4+ i57.X 

12 
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2.0 sm li K APPLICATIONS 

Kfttt developing lufflcienl confidence in the wcwate application of the general- 
purpose tliin-wirc modeling programs, it becomei possible to lltili/^.■ the programs as wortii- 
whik- engineering tools.  I he remainder of tliis report is concerned with the application of 
these engineering tools to nipporl the antenna malyiii work in the Radio Technology Divi- 
sion of M 1 ( .  Four examples are discussed in some detail.   These tour examples are con- 
cerned with the following projects; 

i   III Antenna System Design for Patrol Hydrofoil (MiaaUe)(PHM) 

2. ML.A-1 Miniloop Antenna:   A Technical Evaluation 

3. AN/PRC-104 Antenna Improvement Study 

4. Evaluation of Multiturn Loop Antenna 

In each example the specific project is outlined and the antenna analysis problems of 
particular interest are described. Of particular interest are those technical problems tor 
which the general-purpose thin-wire modeling programs were utilized. The actual Utilization 
ot the numerical modeling programs is described in some detail while other aspects of the 
engineering problem are discussed only as required to lend support.   The primary objective 
of these examples is to demonstrate both where and how the general-purpose numerical 
modeling programs can be used as useful engineering tools. Again, whenever possible, in 
order to build further confidence in the numerical modeling capability, the analysis is com- 
pared to empirical data.  Building of this confidence factor is always a continuing process. 

In almost all the work described, the principal general-purpose program utilized is 
the ANlP program.   In many applications, it was necessary to modify the existing AMP pro- 
gram, and these modifications are noted.  Some of the associated subroutines ar^ Hated in 
the appendices for the convenience of readers who make use of the AMP program. 

2 I   HF ANTENNA SYSTEM DESIGN EOR THE PATROL HYDROEOIL20 

The Patrol Hydrofoil. Missile (PHM). is a high-speed patrol craft planned for use by 
NATO forces. Two prototype vessels are being designed and built under Navy contract by 
the Boeing Aerospace Company.   The small size of the PHM     length 40 meters     coupled 
with the requirement for a rather extensive communication capability for this size ship, in 
addition to weapon requirements, poses difficult antenna placement problems.   This is et- 
peciallv true at hf where antenna spacings. in terms of wave)' nglh, are small by necessity. 

NELC was tasked by NAVSIHPS, PMS-303.6. to perform an hf antenna system de- 
sign study in conjunction with the overall comm .nications design effort being pursued by 
Boeing.  Requirements for the hf (2-30 MHz) subsystem on the PHM specified two l-kW 
transceive circuits capable of simultaneous operation and capable of providing gapless 550- 
kilometer coverage.  Limited topside space available for antennas precludes the use of broad- 
band antennas with multicouplers.   Thus, the antenna system devised consists of two separate 
antenna structures:  ( I ) a whip antenna on the port side, just alt of the pilot house at the 01 
level, and (2) a three-wire. bent-Ian antenna, strung from the mast aft and fed at deck level 
(see Figure 6). A second whip was installed parallel and starboard of the first whip to pro- 
vide a backup receive circuit. 
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1 iyuic (>. Stale model ol patrol hydiol'oil (missile) (IMIM). 

One ofth« pnmary rettrictiotU on the hf Communication system is that the two can- 
didate lit antennas must be so arranged that they meet the HERO (Hazards of Flectromati- 
netie Radiation loOrdnanee) requirements for the P1IM weapons:  the Harpoon missile 
launcher aft and the OTO MELARA gun forwaid. The Naval Ordnance Systems Command 
has established elassitieation of susceptibility pertinent to HERO.2'   Susceptibility refers to 
the actual induction of measurable rf energy into the electroexplosive devices (HFDs) in an 
ordnance system. The degree of susceptibility depends upon the amount of induced energy. 
the characteristics of the ITT), and the electric field environment. 

For this project it was necessary to predict the electric field intensity at both of the 
PI IM weapon sites. Thin-wire modeling computer calculations were used to predict the 
maximum expected peak electric fields for the antenna-to-weapon spaemgs chosen.   Discus- 
sions of these results appear in the next two sections (2.1.1 and 2.1.2). 

Another important problem is that of strong coupling between hf communications 
systems due to the close proximity of the antennas. This problem arises on the PMM be- 
cause of the limited available topside space and a requirement for simultaneous operation 
of two separate hf transmit systems. 

In the PHM case, the problem of coopling has been solved by using a fan as one trans- 
mit antenna and a whip as the other.   Two whips placed at the separation distance of the Ian 
and whip do not provide sufficient isolation. On the other hand, the fan-whip combination 
has the required isolation. 
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In this case, isolation data were determined empirically.   However, it is possihle to 
analytically compute isolation.  As a demonstration of tiiis capability, the isolation between 
two whips on a ground plane has been computed.  Section 2.1.3 contains a discussion of the 
analytical approach and a comparison to empirical data. 

2.1.1  WHIP NEAR 1 II 1 DS 

The transmitting whip is the primary contributor to the electric field intensity in the 
vicinity of the OTO Ml.LARA guns.  Electric near-tield calculations were made with the 
NELC Whip Antenna program tor perfectly conducting whip antennas of lengths 5.33 
meters ( 17.5 feet) and ll).()7 meters (35 feet).  At one time both lengths were considered as 
candidate antennas. Analytically, the calculations were made tor the antennas on an infinite, 
perfectly conducting ground plane. 

FifUK 7 defines Case 1 as the l().(>7-meter whip and Case 2 as the 5.33-metcr whip. 
A coordinate system with respect to the whips is also defined.  Figures X and l) show the 
computed peak electric near field at varying heights above the ground plane and at varying 
distances from the candidate whip antenna.   I he peak field is not directly related to the sum 
of the squares and must be calculated by the method described in Reference 22.  F'or further 
information concerning these calculations, also see Reterence 12. 

The efficiencies referenced in these figures are for the URA/3K coupler attached to 
the whip antennas. The losses associated with the whip antennas themselves are negligible 
compared with the losses of the coupler. 

The maximum electric near field at a fixed distance away from an antenna occurs at 
the ' -west operating frequency.  In Figure 6 the minimum distance to the OTO MHLARA 
gun   t approximately 7 meters. Thus, at the lowest operating frequency of 2 MHz the peak 

CASE 1    35 FT  WHIP, il • 12 5 CASE 2    l/'-1/2FT  WHIP, SJ     11.11 

Z   (VERTIC*(.) 

i 

X IHCRZONTAU 

X DISTANCE FROM ANTENNA 
Z DISTANCE ABOVE GROUND 

PLANE 

77777777777777777777777777777777777777777 
WHIP ON AN INFINITE, PERFECTLY CONDUCTING GROUND PLANE 

Figure 7. Whip on infimie, perfectly conducting ground plane. 
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B.  Z ■ 1m; 15   30 MH/ 
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15 MHz 889% 
20 MHz 89 6% 
25 MHz 90 0% 

30 MHz 88.9% 

—   25 MHz 

20 MHz     1 

I        I        I        I        I I        I        I        I        I 
0     2       4      6      8      10     12     14     16    18    20 
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Figure 8. Peak clcclric field at various frequencies (derated for coupler losses; 
1.0 kW into coupler); case 1; 1 kW into coupler. 
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Figure 8. (Continued) 
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Figure 8. (Continued) 
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V   V^         2 MH/(CASE ONE) 

k\    VV/    2 MH/(CASE TWO) 

15MH/ 

10 MH/ 

6 MHz 
4 MH/' 
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> 
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4 MHz 39.5% 
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2 MHz (CASE ONE) 
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15 MHz 
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J 1 L J I I I L 
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l-igure 9, Peak electric field, 2 - 1S Mil/ (derated tor coupler losses:   1.0 kW into coupler); 
case 2;  1 kW into coupler. 
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8     10    12     14     16     18    20 

X, m 

Figure 9, (Continued) 

electric Held at 1 meter above the deck and witli an antenna-to-weapon spacing of 7 meters 
is 1 1 5 rms volts/meter tor the 5.33-meter whip (Figure ^A) and X1 rms volts/meter tor the 
HUi7-meter whip (Figure KA). 

These computed results tor a whip on a perfect ground plane can be extrapolated to 
the whip on the PHM.  in TR 1X72 it is concluded that the near electric field is not a major 
function of the structured environment surrounding the whip.' -  Further, the whip on the 
PHM is situated 1,9 meters above the main deck.  In Figure 10 the computations for an ap- 
propriate sleeve monopolc are compared with the computed electric ne;ir fields of the 10.67- 
meter whip at 2 MHz. The sleeve monopole is fed 1.9 meters above ground and it extends 
10.67 meters above its feed point. The computations arc again made above a perfect ground. 
Near the antenna the electric near field of the sleeve monopole is somewhat less than the 
electric near field of the 10.67-metcr whip. Thus, the computations of Figures 8 and 9 are 
representative of the actual electric near fields which would occur onboard the actual PHM. 

It is of interest to compare the computations of several numerical modeling programs. 
Table 4 lists the computed results of the AMI', SYRACUSF. and NELC programs for the 
10.67-meter whip at 2 MHz over a perfect ground plane. The near-field results are all within 
$% of each other. It is encouraging that there is this agreement among the computer 
programs. 

In conjunction with the analytical computations, near-field measurements for a whip 
over an extended ground plane were made with an F-field sensor. FFS-1, manufactured by 
Instruments for Industry, Inc.  Figure I 1 compares these measurements with the 

20 

■-'- ■ ■   -:  - fc.nM^MMIMIi 



E 
> 
Q 
_j 
in 
u. 

< i 

.'ÜÜO 

\       ^ SLEEVE MONOPOLE 

1000 

500 

Jf^^y •~— WHIP 

100 -           \ 

50 i—                                                     ^v 

>^ 

10 
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Figure 10. (Dinparison ot'calculaied electriu near field of whip and sleeve monopole. 
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Figure I I. Compaiison ol measured and calculated peak electric near tields 
tor ease I at :.0MH/(/= 1.0 meters). 
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I AHl 1 4  (OMI'AKISON ()l CALCULATED NIAR FIELDS OF AMP, SYRACUSE, AND 
WHIP 10.67-METER WHIP ANTl-NNAS AT 2 Mil/. 

Impedaiu 

AMP SYRACUSE WHIP 

Z = 2.0   j571.95 Z" 1.88    ,$63.1 Z= 1.782    j552.4 

M AK 1       I)S FOR 1000 WATTS INPUT     1.0 METER ABOVE DECK 

AMP SYRACUSH WHIP Meten 

Ix 1/ Ex Hz Fx Hz 
IICIll 

Antenna 

3435.2 2406.5 3655.4 2612.4 3468.0 2368.0 l 

10133» 1404.9 1072.5 1467.8 1019.0 1400,0 J 

450.0 875.1 472.4 906.2 452.8 873.3 

248.1 589.8 256.9 606.4 247.9 587.2 4 

153.2 418.0 157.8 428.1 153.0 415.5 5 

101.9 307.2 104.6 313.5 101.7 304.3 6 

29.2 1 10.8 29,6 1 12.3 28.9 106.8 10 
l).2 42.2 9.3 42,0 l).l 40.7 15 

3.2 I'M) 3.3 ll).7 3.2 19.5 21 

computation! of the NELC ptOftlin tor the case of the 10.67-ineter whip at 2 MHz. The 
comparisons are made at 1 meter above the extended ground plane. As previously pointed 
out. the accuracy of any computation improves with the distance away from the antenna. 
For example, the computation of the far-field pattern is significantly more accurate than the 
computation of the impedance for any antenna structure. Thus, in Figure 1 1 the computa- 
tional accuracy of Ez improves with distance away from the whip antenna. Thus, the in- 
creased discrepancy between measurement and calculation is attributable to measurement 
inaccuracy. With this consideration, the calculations compare well with the measurements. 

2,1,2 HANNHARHIHHDS 

Because of the structural complexity of the fan antenna, calculation of theelectric near 
fields for this antenna is a much more difficult problem. The radius of the linear elements 
comprising the fan differs from the supporting mast by a factor of more than 50,  If elements 
of such different radii were directly connected, inaccurate calculations would result.  In the 
case of a top-fed fan. this condition may exist.  For such an antenna, a thin-wire computation 
would not be possible.  However, in the case of this bottom-fed fan, the mast and fan are not 
electrically connected.  A numerical computation of acceptable accuracy can be made. 

A fairly complex model (125 segments) of the fan and its supporting mast was simulated 
with the AMP program.  Limited electric near-field data at 2 MHz were computed at varying 
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distances.  Afaln the maximum near tickl at i fixed distance away from an antenna occurs at 
the lowest operating frequency. Near-field meaMirements witii the BFS-I were made ot a 
full-scale mock-up of tins Ian antenna and supponing mast. Hie mock-up was constructed 
on an extended ground plane.   I lie results of these calculated and measured electric near 
fields are given in Table 5. (The Harpoon missile is situated I 2 to 14 meters from the mast.) 

2.1.3  1SOI ATION 
Consider the case of two l().(,7-meter whips (standard 35-foot Navy whips) separated 

7.6 meters on an extended ground plane.   The isolation between these antennas can be com- 
puted by .reating this coupling problem as a two-port network problem. This requires only 
one run of the AMP program for each freciuency to determine the two-port network admit- 
tance parameters .Y, ]. Y):. Y^. and Y::).  Due to the symmetry ot ihe proMem. Y, ! - 
Yn. Also, since the network is bilateral, Y|2 = Ysp 

Once the admittance parameters have been found, the input impedance and coupling 
can be determined for arbitrary loading conditions. Straightforward network analysis yields 
the following relationships tor an arbitrary two-port system. 

Y^ + Y, 

'in 
VllY22-Y12  +Yll Yl- 

(11) 

and 

P:     ReYL 
isolation-—- 

M     KeYin 

Y, 

Y^ + Y, 
(12) 

where YL is the arbitrary load admittance. For a complete discussion of this topic sec- 

Re ference 23. 
Equations (11) and (12) have been written into an interactive basic computer program 

called "Nonradiating Network Program." A listing of this program is given in Appendix A. 
The short-circuit admittance parameters and load admittance. YL, are input to the program. 
The program computes Zin and the isolation in dB (10 log f^O' 

Figure 1 2 shows the isolation in dB versus frequency for two sets of independent 
measurements. The computed isolation compares well with the empirical data. 

TABLF 5. NFAR FIELDS OF FAN ANTENNA. 

Frequency = 2.0 MHz 

Coupler Losses =5.1 dB 
VERTICAL COMPONENT OF NEAR FIELD 

AT 1 MFTER ABOVE GROUND PLANE 

Distance from Mast 

12.5 m 
13.5 m 
14.5 m 

Measured 

50 V/m 
38 V/m 
30 V/m 

23 

Calculated 

60.9 V/m 
46.3 V/m 
35.9 V/m 
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hipure 12. Isolation between two 10.67-metei «rtlip anlennas spaced 7.6 meters apart over 1 pound plane 
Curve A is taken from measured data in NEIX TR l.^H-4. Isolation is based on power translei liom (MM 
wiiip to a second terminated in .1 conjugate match. Curve B is hased on measured data taken on the Nl 1 ( 
pound plane with both whips matched at each fraquency using AN/IIRA-3K antenna couplers and cor- 
rected for couplet loss. Curve C is based on numerical modeling calculation. 

2.2 MLA 1 MINILOOP ANTHNNA:   A TtCHNICAL EVALUATION25 

NELC was tasked hy Naval Electronic Systems Cümmand (NAVELEX) to technically 
evaluate the Antenna Research Associates, Inc., Miniloop antenna type MLA-1. The frequency 
range of this antenna is 1.8 - 14.5 MHz.  Figure 13 shows the Miniloop installed. 

Thin-wire modeling supported this evaluation in the following three areas;  (1) deter- 
mination of efficiency. (2) determination of near electric and magnetic fields, and (3) valida- 
tion ot the l/4Sth scale model of the Miniloop for patterns.  Discussions of these topics are 
contained in sections 2.2.1, 2.2.2. and 2.2.3, respectively. 

In order to facilitate the modeling of the Miniloop antenna, an arc subroutine was 
added to the geometry package of AMP. This subroutine is called in a manner similar to 
subroutine WIRE from subroutine DATAGN. A listing of subroutine ARC is given m 
Appendix B along with a description of the appropriate geometry card. This description 
follows the format of the AMP User's Manual.7 
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Figure 13. MLA-I Mmiloop installed aboard USS BRADI I Y (I)f- 1041), 

2.2.1  BFFK:iENCY DETERMINATION 

^n ^^'"Pt w.s made to dclcrmmc the .tooiute rfnefency of the M.mloop antenn.- 
IK,, s  he n. o oi the power actually «dated to the power fed to the antenna. The effiden- 
cy Oi anv small ismall m terms of wavelength) antenna can he expressed by26 

n = Q easured X Ka 
X.. 

X 100'; 
(13) 

"     O    a ' ^'^ lün reMSUmCC a,Ki ,hC ,VaC,;"1- 0{™ ^ »«*«"" (HO losses, 111 ^measured « ^e   0   ot the actual antenna derived from bandwidth measurements   In 
Üie case oi the M.mloop. R, and X, were detenmned by us.n, the AMP program   The Q w s 
measured on the test antenna. These values were mserted into equation   1 T) to ob am effl 
-ncy.   I lus ah.hty oi tlnn-wne modehn, programs to model lossless antennas i  v       M    „ 
detcrmmmg the efficiency of any small antenna. 

NEAR FIELDS 

Because shipboard operations are earned out within fixed (small) distances from hi 
ransm-.tmg antennas, the Navy has a unique and longstandmg operational problem"1 h 

radumon   rom these antennas can be hazardous to personnel, ordnance, fuel, and elec.r     c 
******* «»« to the ,ntens,ty of the f.elds in close proximity to the radiatmg element 

25 

-i-«- "-4 



VHV^ ——" --' 

Near-field cDiuputations were made for both the electric and magnetic components 
ol the Miniloop antenna. Special emphasis was placed on the magnetic field determination 
because theoretically the near magnetic field is greater for the MLA-l antenna than for the 
other communication antennas presently installed on Navy ships.  Also, recent developments^ 
have placed greater emphasis on the radiation hazards of magnetic fields to personnel. 

In order to make the magnetic field calculation, the AMP program was modified. 
The three suhroutines NHFLD, Gil. and HFK were added to the code.  NHFLD is called from 
the main program in the same manner as NHFLD. The magnetic fields are calculated in am- 
peres/meter.  A listing of subroutines NHFLD, GH, and HFK is given in Appendix ('. The 
magnetic fields thus computed compare well with the calculations reported in Reference 29. 

The AMP program was used to make calculations of electric and magnetic fields at 
2.0 MM/, and a radiat.'d power of I kW. the maximum power rating of the MLA-l Miniloop 
antenna. Again. 2.0 MM/ was chosen because it is close to the lower limit of the timing 
range of the antenna where at a fixed distance the near-field strength is greatest. 

Figure i4 presents selected computer-predicted near-field magnetic component data 
for a lossless loop antenna having the dimensions of the MLA-l Miniloop when radiating 

1 kW at 2 0 MM/..  Figure I4A is a family of curves indicating magnetic field strength as a 
function of distance from the antenna in the plane of the loop for several elevations above 
the ground plane.  Figure I4B is a family of curves indicating magnetic field strength, as a 
function of distance from the antenna, in the vertical plane normal to the plane of the loop 
and including the axial centerline of the loop. 

Figure 15 presents selected computer-predicted data for the near-field electric com- 
ponent of a lossless loop antenna having the dimensions of the model MLA-l /L Miniloop, 

400 
300 

200 
—      A   PLANE OF LOOP 

2,3.5179 m 

1 M 

10   12    14   16   18   20   22  24 
X, m 

B   VERTICAL PLANE NORMAL TO 
PLANE OF LOOP. 

1 m 

2,3.5179 m 

ILOOPIN X ZPLANE 

2, 3.5179 m- 

X -0FOR ALL CURVES 

0    2 
I       I       I       I       I       I       I 

10   12   14   16   18   20   22   24 
Y, m 

Figure 14. Compuled values of peak magnetic field streiiglh fot the Miniloop 
antenna radiating I kW at 2 MHz. 
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Figure 15. Computed values of peak electric field strength for the Miniloop radiating I kW at 2 MM/. 

when radiating 1 kW at 2.0 MHz.  Figure 15A is a family of curves indicating electric field 
strength as a function of distance from the antenna in the plane of the loop for several eleva- 
tions above the ground plane. Figure 15B is a family of curves indicating electric field 
strength, as a function of distance from the antenna, in the vertical plane normal to the 
plane of the loop and including the axial centerline of the loop. 

It must be remembered that the calculated curves are based on a lossless antenna ra- 
diating 1 kW. The Miniloop has very poor efficiency at the lowest frequencies where the 
near fields are greatest.  For the real world Miniloop. the values shown must be decreased 
by the square root of the ratio of I kW to actual power radiated by the Miniloop. 

2.2.3 PATTERN DATA 

A l/48th scale brass model of the Miniloop with supporting mast was built com- 
patible with available brass ship models in inventory. However, the model was not an exact 
duplicate of the full-scale Miniloop. No attempt was made to duplicate the feed method 
used in the actual full-scale Miniloop.  Rather, a one-turn, balanced, untuned, top-fed model 
was formed of semirigid OOpfW! coaxial line. O.OSd inch in diameter. 

Since the model is not exact, it was questionable whether the model and full-scale 
antenna have the same radiation pattern.  AMP was used to obtain analytically the inherent 
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radnfon pattern ot tl.c actual Mm.loop ever a lossl-v . extended ground plane.   I ius ealu - 
was compared with the measured radiatton pattern of the mode  ""^^  ^ 

on an extended ground plane.* The two patterns compare exactly.   I hus. the 1 /48th seak 

model Miniloop is validated tor patterns.  

KA companson ot the calculated and measu.ed patterns at 2.0 Mil/ Ü |i«M •" Hgure 1 (.. 

FREQ = 2 MHz 
AZIMUTH PATTERN AT 45" ELEVATION 

AZIMUTH PATTERN 0° TO 180° 
VERTICAL   
HORIZONTAL  

180 

Figure 16. A comparison ot the calcubtod and measured radiat.on patterns of the Ml \-l 
hlgurt 

Miniloop antenna 
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13  AN/PRC «04 ANTENNA IMPROVEMINT STUDY 

NLLC" was tasked by NAVELEX to (1 ) determine it alternate antennas would im- 
prove the perlormance of" the AN/PRC-104 above its present level when using an 8-foot 
whip and il) demonstrate, it possible, how the existing system could be used to provide 
better performance in certain situations. The AN/PRC-104 is a Marine Corps man-pack. 
2-:U)-MH/., 20-watt transceiver designed to use an 8-foot GFE whip antenna. The primary 
objective of this task was to improve the efficiency of the system at the low end of the band. 

One of the most commonly suggested ways to improve the performance of a whip 
antenna is to use a series inductive load somewhere along the antenna.  Short whip antennas 
have a "triangular" current distribution. Placing an inductor on the whip makes it electri- 
cally longer, and tlie current distribution is altered.  It the proper inductance is placed at the 
tip of the whip, a constant current distribution results. One can determine the maximum 
change in radiation resistance caused by inductive loading by assuming an ideal situation, 
where all input power is radiated. Consider the two situations, one with the triangular dis- 
tribution and one with a constant current distribution.  In order for them to be equal radia- 
tors, the area under the current distribution curves must be equal. This implies the feed 
current of the constant distribution case is one half of the triangular feed current case. Thus, 
for equal power, the radiation resistance of the end-loaded whip is four times the unloaded 
whip resistance. This is the maximum improvement in radiation resistance attainable by 
loading. 

The above discussion assumes an ideal inductor is used for loading. In reality, the 
inductor has loss and the question is whether the center load inductor actually improves the 
performance of the whip. The closer the inductor is placed to the tip of the whip, the larger 
the required inductance and thus the more loss resistance of the inductor. 

C. W. Harrison^0 describes a monopole on a perfectly conducting, extended ground 
plane. The monopole is center loaded with an inductance of Q = 300. The monopole at 
I MHz has a height of 0.032 meter and a radius of 0.000123 meter. He then calculates the 
necessary inductance for resonance and determines the resulting efficiency. A similar cal- 
culation was made with the AMP program aided by the program in Appendix A. The pro- 
gram of Appendix A is very useful in determining the load necessary for resonance. The 
results are given in the table below. 

TABLE 6.  EFFICIENCIES OF INDUCTIVE-LOADED MONOPOLES. 

Harrison AMP 

Zno load 0.385 -J135Ü 0.49511 -jl 

Efficiency 

Base loaded 7.88% 8.62'^ 

Center loaded 19.85% 8.79% 
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1 he rewttl Of AMI' elilt'cr consKkral^v liom ll.nrison's.  However, the AMP ivsulls are m- 
dependentiy supported by tlM aiulytical work of Rcterenee JI. Obviously, sonv empmcal 
work is needed in this area.  However, due to suttieient eontidence in numerical modeling, 
H was concluded lor tins study tiiat fixed induetive loading along the antenna will provide 
little improvement above base induetive loading. 

A similar problem was proposed to NELC by NAVSI.C/NORDIV in Norfolk. 
Virgima. The question was whether the etlieieney of I J$-fool whip at 1 MHz could be 
improved by inductive loading at the center of the whip,  it was calculated that; 

%ase loaded = 0.43'; 

^center loaded = 0.45'; 

Again, in I quick response to the question, it could be stated that no improvement in effi- 
ciency was achievable by center loading. 

2 4  EVALUATION OF MULTITURN LOOP ANTLNNA 
NELC evaluated, tor shipboard application, the Hi" Multiturn Loop Antenna (Mil ) 

developed by Ohio State University. The prototype model delivered to NELC is constructed 
from standard Much copper tubing and fittings (i'igure 17).  it has the following 

• ■    y/i characteristics;-" 

inning range;  2 to 10 MH/ 
Efficiency range;   1'V to 30'; 
Bandwidth;  3 kHz minimum (3 dB) 
impedance over tuning range;  Adjustable to exactly 50 ohms 
input power;   1 kW 
Size of coil;  (30.48 cm X 66.04 cm X 66.04 cm) 

Weight;  50 1b 

The configuration of the MTL is a rectangular six-turn coil or helix with its axis and largest 
plane parallel to the ground plane.   The separation of the lower coil side trom the ground 

plane is only 4 inches. 
One of the technical objectives of the NELC evaluation was to recommend a tinal 

design for both the transmitting and receiving functions. This section described how numer- 
ical modeling assisted in achieving that objective. Two aspects of this technical evaluation 
are discussed below; one concerns the arrangement of the tuning capacitor and the other 
concerns the orientation (horizontal vs vertical) of the M iL. 

To the present, the study of iif antennas at NELC has been pursued almost entirely 
through the use of I/48th scale brass models. The characteristics of the antenna were pos- 
tulated on the basis of measured impedances and patterns. These arc the effects.   1 he numer- 
ical modeling approach computes the cause, the current distribution on the antenna.   1 he 
ability to view the cause as well as the effects will lead to a better understanding ot an an- 
tenna. Such is the case in the study of the MTL. This numerical modeling study has been 
pursued beyond the areas discussed here, providing useful insights into the antenna s 
characteristics. These insights will make a significant impact on the final helix design. 
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I 
ligmo 17. Hf- nuilimim loop anlenna of Ohio State liniversity. 

2.4.1 BALANCED VS UNBALANCED OPERATION 
One of the first aspects of the prototype model considered is the arrangement of the 

tuning capacitor.  In its present configuration, the MIL tuning capacitor is across the entire 
coil.  At | given resonant treqnency. the two coil ends are high-impedance (low current) 
points. The single low-impedance (high current) point is at the center of the coil, midway 
between the ends. This is a "halanced" condition (the peak current occurs at the coil cen- 
ter with low current at coil ends). 

A different configuration is made possible by the change from a "balanced" to an 
"unbalanced" antenna.  Fof the unbalanced case, one end of the coil is grounded. The tun- 
ing capacitor is placed between the other coil end and ground. This arrangement has the 
electrical advantage of providing mechanical drive of the timing capacitor at ground potential 
which helps to eliminate uncontrolled stray capacitance. 

It was therefore suggested that the antenna be tuned in the unbalanced condition. 
The contractor, Ohio State University, responded that a greater tuning range is achieved 
with the tuning capacitor in parallel with the coil.  In other words, the balanced condition 
offers a greater tuning range for a given change in capacitance. An attempt was made to 
verify this very important design question with the use of the thin-wire modeling tool. 
Several steps were required to arrive at the answer. 

The first step is to frame the question in a manner such that thin-wire modeling is 
useful.  Its applicability is limited by the thin-wire approximation.  In the actual prototype 
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„o a/mmthul current tlow .s no longer ™lfj"^\\ n >rnial motle helix such that the 
normal .ode helix, so the computer-nod 1 «^^ ^ nlüdel „ 2 „eters long 
Uun-wire approximat.on ts vahd. 1 he M 1 L cno 
With a helix radius of 0.239 meter. 0f exritation so that the balanced 

The second step is to determme a su t b    nath ^ avü.d ^^ 

and unbalanced conditions along the hehx ^ «^^ can be treated as a scattering 

the problem Of two ddterent .eed «T^^ "av.   ormal to the helix axis. 
rrohlcm in which the exctat.on .s an mud n  P   '- ^ ^ ^ unbalanced case 

Hgure 1B shows the ^"''^'^^ ?, e   Urr mt s maximum at the center of the co.l 
ml.  m the case of the balanced antenna.   - ^  '        ^ maximum occurs at the 
at resonance. For the unbalanced ^"^J^   urrent maximum as the capacitance 
ungrounded coil end. By observmg ^^^^ is detcrmiI1ed. This is easily 
is changed, the value of capac.tance necessary lor rcsonan 

done with the computer models. program to model the helix struc- 

change is needed. 

UNBALANCED MTL 
BALANCED MTL 

Figure lt. Configurations of balanced and unbalanced MTLs. 

T«I , 1  CATAOTANCB NECESSARY FOR RUSONANCE TOR BALANCED 
1 ABLU 7   ' APArND UNBALANCED MTL ANTENNAS. 

Balanced Antenna 

Unbalanced Antenna 

Frequency 

4 MHz S MHz 

800 pF 

360 pF 

200 pF 

50 pF 
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2.4.2 HORIZONTAL VS VERTICAL CONFIGl'RATION 

A MCOIld aspect of the design of the MTL eoiicerns the orientation of the Mil. with 
respeel to ground. The axis of the present Mil. is parallel to the ground plane. It has the 
Itnictural configuntioil Of FigUK 1('. A center support runs the length of the helix. Because 
of the coil's close proximity to ground, the imaging effect limits the inherent radiation ol 
tins Mil configuration. If the Mil il mounted with its axis vertical to the ground plane, 
as m Figure 21, the inherent radiating efficiency of the antenna should he improved since 
the conductors are further from the ground plane: that is. there is less eaneellation of cur- 
rents due to imaging. 

1 o verify this important point, a comparison ol the characteristics ot the two con- 
figurations of the M II was made using the AMP program.  Figure 20 shows the impedance 
computed for the horizontal case and Figure 22 lIlOWl the impedance for the vertical case. 
Moth antennas are base fed at the grounded end. 

Since the prototype MTL is operated below the first natural resonance, the computei 
model comparison is also made below the first resonance for both configurations.  The radia- 
tion resistance of the vertical helix is four to five times greater than the radiation resistance 
Ol the horizontal helix.   The basic structure (dimensions) of both helix configurations is 
essentially the same, hence the loss resistance of both antennas is approximately the same. 
Thus, in a qualitative sense, the vertical configuration is a more efficient radiator. 

3.0 CONCLUSIONS 
Hie general-purpose thin-wire modeling programs provide a valuable engineering 

tool. They are a valuable asset in various phases of communication system development. 
As demonstrated in the case of the PHM study, the tool can assist in determining the effect 
of the antenna system on other systems. This is a valuable contribution to preliminary sys- 
tem planning. As in the case of the MTL and man-pack antenna projects, it can impact on 
the preliminary antenna design itself.  As in the case of the Miniloop. test results can be 
evaluated and specifications prepared. 

Typical problems that may be handled by the thin-wire modeling programs include 

the following: 

Determine current distribution on antenna systems. 

Determine impedances, both self and mutual, associated with antennas or arrays. 

Obtain near-field (electric and magnetic) components. 

Provide information on far-field patterns. 

Provide information on the RADMAZ oi an antenna system. 

Provide information on the HERO consideration of an antenna system. 

Provide information on the efficiency of an antenna system. 

Examine the frequency characteristics of an antenna system. 

Examine the EMC situation for a complex of antennas and identify problem areas. 

Evaluate the impact of changes in antenna structures. 
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Figure 20. Computed resistance and reactance of horizontal helix with center support. 
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Figure 21. Vcrtkal helix \s itli center Mipporl 
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In cadi case, effectiv« use of munerica] modeUng H M en^neerim tool requires that 
the engineer he knowledgeahk of the limitations of the immei leal techniques. Such knowl- 
edge is acquired thfOUfh frequent exercise of the computer programs and I continued study 
of the literature to keep abreast of developments as they occur,   it should also be noted that 
the engineer is an integral part of the numerical analysis tool, since he plays the strategic- 
role of properly posing the problems so that useful answers may be obtained as well as 
interpreting the computer output to extract an engineering solution. 
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AFPfNülX A:  NONRADIATING NETWORK PROGRAM 

Ulis basic computer program calculates the input impedance and dB coupling ot a 

two-port bilateral network. 
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APPENDIX B: ARC 

A Fortran subroutine tor the MBA program. AKC generates fee segmentation data 

for a wire are located in the X-Z plane. 
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VVIRl  ARC SPICII IC Al ION (GA) 

PURPOSE:    Ih.s card generates a Wire are «360  I of equal segments .entered about the 
origin in tiie X-Z plane. 

(ARD 

ß 5 1U 20 30 40 5U 60 70 HO 

GA 
O NS XW1 YWl ZW1 RAD 

llu • numb „•rs aloii] 
|           1          i           1 

j the top refer to tiie last columi 
in eac h field 

i 

PARAMETERS: 

INTEGERS 

1TG tag number assigned to wire 

NS number of segments into which arc will be divided 

DECIMAL NUMBERS 

XW1 radius of are to be generated 

YW1 initial angle of arc in degrees (see diagram below) 

ZW1 final angle of arc in degrees (see diagram below) 

RAD wire radius in same units as arc radius 

-► Y 
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NOTES: 

1 he initial and final angles are measured from the X-axis as indicated in the above 
drawing. ( loekwise is the positive sense. 

Wires may mH overlap; hence |f;inal Angle - Initial Angle |<360*.  Specification of 
overlapping wires will terminate the computer run. 
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APPENDIX C:  NHFLl). HPK. GH 

Fortran subroutines lor the MBA program calculate the magnetic near fields. 
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APPENDIX D:  HELIX 

A Fortran subroutine tor the MBA program, HELIX generates the segmentation data 
tor a wire helix. 
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WIRt HtLIX OR SPIRAL SPECIFICATION KJH) 

PURPOSE:   Ihis card gciK-rates a helix or a spiral around the Z-axis. 

CARD: / 

(.11 

10 

NS 

20 

s 

30 

111 

40 

Al 

50 

HI 

60 

A; 

70 

B2 

The numbers along the top refer to the last column 
in each field. 

80 

RAD 

PARAMETERS: 

INTEGERS 

ITG      tag number 

NS        number of segments in the whole helix 

DECIMAL NUMBERS 

S axial spacing between turns 

HL total axial length 

Al radius in X direction at Z = 0 

Bl radius in Y direction at Z = 0 

A2        radius in X direction at Z = |HL| 

A2 = AI-helix. A: ^ Al-spiral 

Therefore, A2 should not be left blank 

B2        radius in Y direction at Z = |HL| 

RAD    radius of wire 

NOTES. 

• Bl   = 0 or left blank-Al = Bl 

BZ = 0 or left blank - A2 = 82 

• If HL<0 — rotation going from top to bottom will be in a counterclockwise direc- 
tion. HL>Ü rotation is in a clockwise direction. 
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Also, it HL«), the structure generated is rotated towards the right around the Z 
axis W  with respect to the clockwise structure (with HL>0). In other words, Al 
Will be along the +Y axis and Ml along the +X axis at Z = 0.  To counteract this, add 
the following card: COORDINATE TRANSFORMATION (CM)    90°. 

HL 
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